Background: Epstein-Barr virus (EBV) and cytomegalovirus (CMV) infection are common in early childhood. CMV infection favours a T-helper-1 and EBV infection a T-helper-2 cell response, possibly leading to disbalanced T-helper cell response, and subsequent risk of asthma or atopy.
| INTRODUC TI ON
Infectious diseases in early life are suggested to influence the risk of lower lung function and asthma in later childhood and adulthood. [1] [2] [3] [4] Epstein-Barr virus (EBV) and cytomegalovirus (CMV) are herpesviridae that are commonly present. Between 60% and 90% of the adults are seropositive with the peak of infections occurring in childhood, and result in life-long viral persistence. [5] [6] [7] Successful viral suppression is dependent on expanded T cell memory population. Both viruses primarily affect immune cells, but do not have the same effects.
EBV favours a T-helper-2 cell-mediated response and mostly seems to affect B-cells. 8, 9 CMV has a T-helper-1 cell-mediated response, and impacts on T cell and natural killer (NK) cell differentation. 10, 11 Moreover, both viruses drive memory T cell expansions in young children. 12, 13 Therefore, infections with these viruses could lead to a disbalance in immune responses, specifically T-helper cell-mediated responses, and subsequently an increased risk of asthma. [2] [3] [4] A prospective cohort study demonstrated that EBV coinfection enhances immune maturation driven by CVM. 14 Two other studies found that children with EBV had a reduced antibody response to measles or rubella vaccination, while children co-infected with CMV had not. 15, 16 This further suggests that these herpesviridae might have interacting effects on the immune system. Results from previous studies on the associations of seropositivity for EBV or CMV with asthma and atopy are inconsistent. 2, 4, 17 This might be explained by the examination of EBV or CMV solely, while co-infections of these viruses might be more important given their difference in immune response. 3, 4 This is supported by a cohort study that demonstrated that CMV in the absence of EBV at the age of 4 years was associated with an increased risk of specific IgE of inhalant allergens, or inhalant and food allergens combined, but not asthma. 3 Studies on associations of EBV or CMV with atopic outcomes at older ages in childhood, including more objective respiratory measures such as lung function, are lacking. Therefore, we examined the associations of childhood EBV or CMV, solely and in combination, with school-age lung function, data collection and analysis, interpretation of data, writing of this report or the decision to submit the article for publication.
Conclusions and
asthma and inhalant allergic sensitization in a population-based prospective cohort study among 3546 children.
| ME THODS

| Design
This study was embedded in the Generation R Study, a populationbased prospective cohort from early fetal life onwards in Rotterdam, the Netherlands. 18 The study is designed to identify early environ- for the current analysis ( Figure 1 ).
| EBV and CMV
Venous blood samples were obtained by antecubital venipuncture during a visit at the research centre (median age 6.0 years, 5%-95% range 5.7-7.2 years). The response rate for serum samples was 69%. Samples were stored for a maximum of 4 hours at 4°C, and transported twice daily for further processing and storage. Serum samples were analysed using ELISA for IgG antibodies against EBV capsid antigen (native mixture of several viral capsid antigens) and CMV (purified native antigens strain "AD169") (EUROIMMUN). As described earlier, seropositivity was defined as a sample-treshold ratio above 0.8 for EBV and 0.6 for CMV. 12 The presence of seropositivity for the viruses was further combined into neither, EBV only, CMV only, and both EBV and CMV.
| Respiratory health
We performed spirometry according to the American Thoracic data. 19 Children (n = 239) with a >5%, instead of ≤5%, deviation in FEV 1 and FVC, and at least one blow with adequate reach and duration of plateau according to ATS/ERS criteria were also included.
The effect estimates for the associations did not differ when we inor excluded those children. 20, 21 Information on asthma medication use in the past 12 months was obtained during the research centre visit. Asthma was defined as ever diagnosis of asthma, obtained by questionnaire at the age 10 years, with either wheezing or asthma medication use in the past 12 months. Questions on wheezing and asthma were based on the International Study on Asthma and Allergy in Childhood (ISAAC) Questionnaire obtained by post ("Has your child suffered from attacks of wheezing in the chest in the past 12 months?" (no/yes, <4 attacks/yes ≥4 attacks) and "Has your child ever had asthma diagnosed by a doctor?" (no/yes <3 years/yes 3-6 years/yes >6 years of age)). 22 Information on medication use was obtained by a short questionnaire during the visit at the research centre ("Did your child receive any prescribed medication in the past 12 months for complaints of the airways, lungs, allergy or skin? If yes, which medication was this?" (no/yes: <name prescribed drug>)).
Median time between the questionnaire and visit to the research centre was 1.4 (5%-95% range −6 to 12) weeks. As described earlier, inhalant allergic sensitization at the age of 10 years was measured by skin prick test (SPT), using the scanned area method. 23 Inhalant allergens included house-dust mite, 5-grass mixture, birch, cat and dog (ALK-Albelló BV). Children were considered to have inhalant allergic sensitization when they were sensitized to at least one inhalant allergen.
| Covariates
At enrolment, information on maternal age, ever history of asthma and atopy (no/yes), educational level (low or middle/high), body mass index, parity and current pet keeping (no/yes) was obtained by questionnaires during pregnancy. Information on maternal smoking during pregnancy was obtained in early, mid and late pregnancy by questionnaires, and combined into no smoking or quitting in early pregnancy/continued smoking. Psychological distress during midpregnancy was measured by the Brief Symptom inventory. 24 Child's gestational age at birth and birth weight were obtained from midwife and hospital records at birth. Child's ethnicity was based on country of birth of the parents from parental questionnaires at enrolment, and combined (European/non-European). Questionnaires in the first
year of life provided information on ever breastfeeding (no/yes) and daycare attendance in the first year of life (no/yes).
| Statistical analysis
First, we compared characteristics of mothers and children included in the study to those lost to follow-up. Next, we studied the 
| RE SULTS
| Subject characteristics
Characteristics of children and their mothers are presented in (n = 172), and of inhalant allergic sensitization 31.7% (n = 818).
Children not included in the analysis had mothers who were younger and lower educated, had a higher body mass index and had more psychological distress during pregnancy. Children were more often of non-European ethnicity, had a lower gestational age and birth weight, and were more likely to be seropositive for EBV, but not CMV (Table S1 ).
| EBV, CMV and respiratory health
In the unadjusted analyses, EBV, but not CMV, was associated with a higher FEV 1 and FEF 75 (Z-score difference (95% confidence interval): 0.09 (0.02, 0.16) and 0.09 (0.02, 0.15), respectively) ( into non-significant (Table 3 and Table S2 ). The associations of the viruses with lung function were mainly explained by ethnicity of the child, while the association with inhalant allergic sensitization was explained by sociodemographic and health-related factors, lifestylerelated factors and ethnicity.
| D ISCUSS I ON
| Principal findings
In this population-based prospective cohort study, we observed that seropositivity for EBV in early childhood was associated with higher lung function at school age. This association was driven by seropositivity for EBV in the presence of seropositivity for CMV.
Seropositivity for EBV or CMV were not associated with asthma.
Only seropositivity for CMV in the absence of seropositivity for EBV was associated with an increased risk of inhalant allergic sensitization. The associations of the viruses with respiratory health were fully explained by ethnicity, or sociodemographic and health-related factors, and lifestyle-related factors.
| Comparison with previous studies
We observed that EBV and CMV in early childhood were not independently associated with respiratory health in later childhood life.
To our knowledge, this is the first study to associate EBV or CMV with lung function measures, and respiratory health later in childhood. A cross-sectional analysis within a prospective cohort study demonstrated that seropositivity for EBV was not associated with asthma or allergic sensitization at age 4 years. 2 Additionally, they demonstrated that CMV solely was not associated with asthma, allergy or allergic sensitization. 3 Two studies have shown that CMV in the absence of EBV was associated with an increased risk of allergic sensitization measured by IgE, at either 2 or 4 years of age. 3, 4 Our result that CMV in the absence of EBV is associated with an increased risk of inhalant allergic sensitization is in line with these findings. However, we additionally found that these associations were explained by confounding factors. The composition of the study population, difference in confounders or measurement of allergic sensitization by skin prick test as opposed to specific serum IgE might explain this difference in results. We could not replicate the finding that EBV was associated with a decreased risk of allergic sensitization. 4 Similar to previous findings, we showed that EBV and CMV, solely or combined, were not associated with asthma. 2,3 A case-control study comparing CMV DNA between adults with and without asthma, demonstrated that those with asthma were more likely to be positive for CMV DNA. 25 Additionally, the number of CMV copies was higher in elderly, defined as age above 65 years, with asthma as compared to elderly without asthma. The number of CMV copies was not different in non-elderly with and without asthma. The number of CMV copies was also higher in elderly with asthma as compared to non-elderly with asthma. This suggests that age might be of importance, although due to the cross-sectional nature of the study it was not possible to disentangle the direction of the effect. Further studies are needed to examine the role of age of the child at virus infection, and the role of ethnicity and other confounding factors in the association of EBV and CMV with respiratory health across the life course.
| Strengths and limitations
This study was embedded in a population-based cohort study, and detailed measurements of respiratory health, and information on numerous confounders are important strengths. Some limitations should be discussed. First, prospective cohort studies have suggested that early infection with herpesviridae might lead to a decreased risk of atopy, measured by SPT or IgE, and late infections to an increased risk. 17, 26 However, we measured seropositivity for IgG only and were not able to determine age of seroconversion.
Additionally, children in our study with an infection occurring between 6 and 10 years of age would be classified as seronegative, leading to dilution of the effect. Second, it has been suggested that immune responses might differ between asymptomatic and mononucleosis-like infections. Unfortunately, we did not have detailed information on the clinical course of the herpesviridae infections.
However, given that we study a childhood cohort with infections before 6 years of age, these infections are most likely mild or asymptomatic. 15 Third, information on asthma was obtained by questionnaire, which might have led to misclassification although a validated questionnaire was used to minimize bias. Last, selection bias due to loss to follow-up might have occurred. Most importantly, those lost to follow-up were more likely to be of non-European ethnicity, and more likely to be seropositive for EBV. This might have led to either an over-or underestimation of the effect, if the associations of those lost to follow-up with respiratory health would be different from those included in the study. This is unlikely, but cannot be excluded. 27,28
| Underlying mechanisms
Some evidence on possible underlying mechanisms for the associations of herpesviridae with the immune and pulmonary system are provided in murine studies. One murine study demonstrated that mice infected in early life with murid herpesvirus 4, the murine equivalent of EBV, were protected against housedust mite-induced airway allergy, compared to uninfected mice. 29 These infected mice had a reduced peribronchial infiltration by inflammatory cells, and lower numbers of eosinophils and interleukin-4. 5 and 6 in broncho-alveolar fluid. Additionally, the T-helper-2 polarization of house-dust mite-specific T cells, but not T-helper-1 polarization, was suggested to be impaired among infected mice. Another murine study found that after infection with murid herpesvirus 4, or murine cytomegalovirus, more secretion of T-helper-1 cytokines was present, which might inhibit the T-helper-2 pathway. 30 In our study, we found that mainly ethnicity explained the association of EBV with a higher lung function.
The association of CMV in the absence of EBV with inhalant allergic sensitization was explained by ethnicity, and also sociodemographic and health-related, and lifestyle factors. A previous study within our cohort demonstrated that non-Dutch children were more likely to be seropositive for EBV and CMV. 31 These ethnic differences were partly explained by socio-economic factors and factors related to crowding for EBV, but not for CMV.
Other studies also demonstrated an association of ethnicity with the prevalence of herpesviridae, although the role of other factors explaining the association such as socio-economic or lifestyle-related factors in these studies were less prominent. 32, 33 Another prospective cohort study demonstrated that maternal age was associated with time to infection for EBV and CMV, regardless of other factors such as daycare and siblings. 34 Additionally, they demonstrated that CMV is often acquired earlier than EBV, which might be explained by the immune response after CMV infection.
Our findings suggest that there might be no causal association of EBV and CMV with respiratory health, but that ethnicity and possible other confounding factors are the underlying explaining mechanisms.
| CON CLUS ION
Seropositivity for EBV and CMV at the age of 6 years were associated with a higher lung function and inhalant allergic sensitization, respectively, but not asthma at school age. However 
